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Tachnical Ti«ld 

.. The invention relates to the application of certain substances 
to prevention and therapy of conditions that reflect an 
immunodeficiency involving a failure. to adequately distinguish, 
between self and non-self Administration of sub- immunogenic MOU nr , 
of substances that are i mmunoreact ivc with alloinimune s era that have 
been absorbed against the <~nunogen used in produci^T h' e alloimmun e 
serum can prevent immune system disfunction, and such substances car. 
also be used in therapy. The mechanism underlying this invention is 
thought to involve indirect stimulation of suppressor T cells of the 
irjuur.e system . 

Bacy.o>;ound Art 

. No consensus exists concerning the mechanisms involved in the 
regulation of the immune system. One view is that the immune system 
is a network of cells that not only recognise foreign substances, 
bvz also recognise and regulate each other. Hoffmann « al. have ■ 
developed a model of immune system regulation that provides the 
conceptual framework from which the present invention emerged 
(Hoffmann. 1975; 197e.- 1980; 1981; -1982; 1986; 1990; Gur.ther and 
Hoffmann, 1982, Hoffmann et ai., 1988; Hoffmann and Grant, 1989; 
Grant et el.; 1969; Hoffmann and Grant. 1990; Hoffmann et ai . , 
1990). The model includes suppressor T cells with idiotypes that 
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nave similarity to class II MKC in the sense that both class II MHC 
and the suppressor T cell idiotypes in question have complementary v 
to he '.per T ct-11 idiotypes (Hoffmann. 1988; Hoffmann ec aj., 1988). 

AIDS is an immunodeficiency disease that results in the 
development of both autoimmunity (Ziegler and Stites, 1986; Shearer, 
1986; Andrieu, ec al., 1986; Martinez-A., et al., 1988; Siliciano et 
al., 1988; Grant et al., 1990) and cancers such as Kaposi's sarcoma 
and lymphomas. A unifying aspect of the occurence of both cancer " 
and autoimmunity in AIDS m,y be a failure of the immune system to 
distinguish properly between self and non-self. The possible 
im portance of nnroiniin u nity in AIDS is illust rate Hy ,u * m „ 

21 similarities have been noted between AIDS and sT S r oii,. iupu-, 

erythematosus (Kaye, 1989). Shearer suggested that alloim munitv mav 
be important in AIDS pathogenesis (She a'r^7T?H H t » ^^JT ^^ ^ 
Stites proposed the first autoimmunity model of AIDS pathogenesis 
based on network ideas (Ziegler and Stites, 1986).' Hoffmann ec al ■ 
have developed a model of AIDS pathogenesis based on autoimmunity, 
alloimmunity and network ideas (Hoffmann, 1988;* Hoffmann ec ai.; 
1988; Hoffmann and Grant, 1989; Hoffmann, Kion and Grant.. 1988- 
Hoffmann et al., 1989; Grant « aj., 1989; Hoffmann, Kion and Grant, 
1S9C; Hoffmann, 1990). This model has been called the MIAMI model 
of AIDS pathogenesis, which is short for MHC-Image-Anti-MHC-Imaoe; 
the model involves synergy between KKC-image immunity and anti-KHC- 
image .immum t y in destabilizing the immune system. Exoerimental 
evidence supporting such a model of pathogenesis has been recently 
beer, obtained for the MRL mouse (Kion and Hoffmann, 1990). The MRL 
mouse is a model for the disease systemic iupus erythematosus. 
Several cancers occur in AIDS, including Kaposi's sarcoma and 
lymphomas. According to the immune surveillance theory of 
oncogenesis, cancers occur when the immune system fails to recoonise 
then as aonormai or "foreign", and does not eliminate them. Hence 
the formation of at least some cancers may be a consequence of a 
failure ir. self-nonself discrimination by the immune system. 
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A variety of conditions similar to AIDS exist in animals anc 
nay have etiologies similar to that of AIDS (Salzman, :986). 

Stimulation of the immune system in a way that enhances and/or 
stabilizes its ability to distinguish between self and non-self, 
will prevent some failures of the immune system including AIDS and 
systemic lupus erythema casus. 

Di«clo»ur« of th« Invention 

The invention in one aspect is directed to specifically modify 
the status of the iramune system to prevent and treat diseases in 
which the immune, system of a vertehrate subject fails to adequately 
distinguish between self and nonself. Such diseases incl ude AIDS, 
autoimmune diseases such as syste mic lupus erythematosus / "a^d " 
ca ncers associated witn immunodei ic lencies . The method involves the 
administration of a substance that stabilises the immune system 
network (an "immune system srabilizer" ) . The immune system 
stabilizer of this invention is a substance that reacts with AIA 
se ra (alloimmune-immunogen-absorbed sera, that is, allolmmune se7e 

absgrbcd__ with the Tmmunogen used in pr oducing the sera) more 

Stron ? ly than with normal (non-immune) seruTTl-fror^he same species. 
Methods of treatment and prevention are the same, except that they 
may involve different regimens of administration of the immune 
system .stabilizer. 

While not intending the invention to be bound by any theory, 
the immune system stabilizer is believr.d to contain an antigenic 
component that indirectly or directly stimulates suppressor T cells. 
In our network view of the immune system, at least some suppressor 7 
cells are believed to stabilize the immune system network through 
their interactions with helper T cells (see Hoffmann 198e ; Hoffmann 
et al . , 1988) . 

Substances that react with alloimnune-immunocen-absorbed 
(-AIA-) sera include gpl20 of the human immunodeficiency virus' 
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("HIV") and p24 cf h'IV As n»^r< a i 

* AS P arCl *l Froof of principle, both of 

these suostances have been found to ^nhihSr 

to -nniDit the prooression of 
au-.oimmune disease in a murine modpi nf " 

c m °ael of autoimmunity, namely the 

MRL- Ipr/lpr mou^e. 

in another respec, the" invention is directed to pharmaceutical 
competition, suitable for the conduct of the method of the 
invention. 

Brief De.cription of the Drawings 

Figures 1 and 2 6nov . s that gpl20 and p2< Qf ^ ^ 

strongly to murine AIA ( a 1 1 o i mmune - i mmunog e n- aba or bed ) sera 
than to normal mouse serum. 

Figures 3. 4 and 5 6now tne ley-1 0 , Vflrious diagnostlc 
antibodies (anti-DNA. an t i - co 1 1 a g en and antl _ gpl20) . ln a 6traln 
of mice that is a .node! for au t oi mmun i t y following injections 
of g P 120 and p24 from HIV. with the levels for simii ar mice 
injected with phosphate buffered saline as a negative control. 
Figure 3. shows that the level 'of anti- gp i20 in these mice is 
redur.d (compared with the level in controls) as the result of 
the injections; Figure 4 shows that the level of an t i -col 1 a gen 
is reduced as a result of such injections, and Figure 5 shows 
that the level of anti-DNA antibodies in these mice is reduced 
as a result of such injections. 

Figure 6 shows survival ,, at a (as of mi d - De cember . 1990) 
for mice used in the experiment of Figures 3.4 and .5. The 
"experimental group" data are pooled data for the p24 an d 
g P 120-injected mice; _fou r_ mice r eceived P 24 of HIV, and four 
mice received gpl20 of HIV. The control mice received either 
nothing (15 mice) or phosphate buffered saline <4mice from 
group 1 of Figure 3. 4 and 5 experiment). At the time of 
submission, the p24 injected mice are all alive (4/4), and 3 of 
the 4 gpl20-injected mice are alive, in contract to only 20% of 
the control mice being alive at the , corresponding time point." 
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Mod«s of Carrying out the Invention 

The inv-ntion is directed to. a method to modify the immune 
system of a su^ct and thus to (a) prevent diseases involving a 
failure of the immune system to adequately distinguish between self 
and nonself, and (b) provide a therapy for such conditions. This is 
done by administration (s) of a substance<s) that reacts-with AIA 
(alloimmune-immunogen-absorbed) sera, in a way that does not induce 
immunity to the said substance, but that is found empirically to 
stabilize the system in a comparatively healthy state. 

PrRpnrr*- 'nn ~* flTfr Alloimnu-ne-immunogen-absorbed sera or AIA is 
prepared f rorn the sera of a vertebrate that has been made 
hyperimmune with" respect t o_^llo gen eic lymphocytes as detailed in 
Hoffmann et al., 1986, incorporated herein by ref ,r & nce ~~HIo7^une 
murine sera are produced by first immunizing mice with 6 weekly 
injections of 5 x 10' allogeneic lymphoid cells (lymph node, spleen 
and thymus) in phosphate buffered saline, pH 7.2 (PBS) . The mice 
are first bled 7 day5 after the sixth injection , and tnereafter they 
are injected with lO? allogeneic lymphoid cells 7 days prior to 
subsequent bleedings at 2 week intervals. The antisera are pooled, 
heat inactivated at 56 o c for 30 minutes and stored at -20 °C unt- 
use. AIA .is produced by absorbing the ailoimmune serum by 5 sena' 
absorbtions against 2 x 10' clutaraldehyde-f ixed lymphocytes (of th- 
strain used in the immunizations) per ml. of serum. Each absorption 
is done at room temperature for 1 hour with occasional mixing. 
Such absorptions remove all detectable cytotoxic activity aqainst 
the immunizing cells in the serum. 

Human AIA can be obtained, for example, from the alloimmune 
serum of a nonogamous, muciparous mother with a high titre of 
immunity to her husband's cells. The absorption aaainst the 
husband - s lymphocytes is done as described above for immune murine 


serum . 
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Either murine AIA or human AIA can be used to screen candidate 
antigens, since .urine AIA reacts with p2« and gpl20 of the human 
virus HIV, and since these hu*an viral components provide protection 
and therapy for a murine autoimmune disease, it is possible that 
mur.ne AIA and human AIA may be approximately equally suitable fo- 
screening for AIA antigens for use in humans. 

In addition, our idiotypic network model of AIDS pathogenesis 
(Hoffmann, Kion and Grant, 1990, suggests that HIV components have 
determinants that are doss-reactive with KHC-image determinants on 
the T cell receptors of certain suppressor T cells. There may be 
considerable cross-reactivity between MHC-image determinants in 
various species. G P 120 and p2< of HIV are examples of , ub «. nc „ 
that .are obtained from a human virus yet bind to murine AIA, and 
that have been shown to work in prevention and therapy of murine 
autoimmunity (see below,. This suggests that there is a 
considerable amount of interspecies cross-reactivity in AIA, and 
murine AIA may well be a suitable reagent for screening for human 
immune system stabilisers. i 

^■rr-^ Cfirri^-f »r-in»„« , nP<w «. hn «, r ,.. r 

An ELISA assay is conveniently used. ELISA plates are coate^ 
with the substance to be tested, the plates blocked with 5S casei- 
then incubated with murine AIA serum. Bound antibodies are be 
detected using biotinylated goa. anti-mouse IgG and avidin-alkaline 
Phosphatase. An analogous assay is also conducted but substitute 
normal non-immune serum from the same species as the AIA serum fo~ 
the AIA serum in the assay. Substances which react more strongly 
with the AIA serum than with the normal serum are useful antigens 
Other protocols and detection systems can be used as is understood 
:p. the 
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5>lfi£tif:r. r.f r»-.r\\r\*rm ^ihsranr^ fr?r h<r>H<~~ ATA ^rvm 

Suiublc candidates are substances for which there is some reason 
to believe that they have shapes that mimic the shape of major 

histocompatibility complex antigens. For example, there is much 
evidence suggesting that some HIV components have shapes that mimic 
MHC class II antigens (discussed in Hoffmann et al., 1990). . 

Illustrative AIA-reactive substances include gpl20 and p24 of 
HIV (see below) . They may also include gp41 and Nef of HIV, since 
gp41 has been reported to have serological cross-reactivity with 
class II MHC (Golding et al., 198S), and Nef has some sequence 
homology with class II MHC (Vega et 1990). 

Another 'class cf AIA-reactive substances are some of the 
antibodies present in alloimmune sera, or monoclonal antibodies 
derived from alloimmune vertebrates. Antibodies contained within 
one AIA often react with antibodies in another Al A (Kion and 
Hoffmann, unpublished) . For example, if a mouse of strain A is made 
immune to lymphocytes from mice of a strain B (that has a different 
MHC haplotype) , and if a mouse of strain B is similarly made immune 
to lymphccyres from mice of strain A, each of the resulting AIA. sera 
contains antibodies that react with the other AIA. This is due to 
the fact that AIA typically contain both MHC-image and anti-MHC- 
image antibody activities, and MHC-image antibodies in one AIA 
typically react with ant i-MHC-imao e antibodies in another AIA. 

Still another class. of AIA-reactive substances are anti-I-J 
antibodies. These are a class murine antibodies that are present in 
some alloimmune sera and that react mainly with suppressor T cells. 
It has been suggested that anti-I-J antibodies are ant i -MHC-image 
antibodies (Hoffmann, 1938; Hoffmann et al . , 1988). We find that 
monoclonal anti-;-J antibodies bind to AIA (Kion and Hoffmann, 
unpublished), and they may be effective reagents in the context of 
this invention. 
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Utility and Admii istration 

The antigens immunoreactive with AIA serum are 
immune system stabilizers and are administered in 
subimmunogenic doses to suitable subjects. As the dosage 
levels are subimmunogenic, the risk factors in 
administering these materials as prophylactics to the 
general population are very low. Particularly preferred 
subjects are those in the more elderly population, as the 
ability of the immune system v.o discriminate between self 
and non-self deteriorates with age. This is evidenced by 
an increasing amount of anti-self antibodies in the 
immune responses of older people and an increase with age 
and the prevalence of autoimmune phenomena in cancers. 

The immune system stabilizers of the invention 

are also useful therapeutic agents in treatment of 

subjects with known autoimmune conditions. Thus, the 

invention protocol can be used to treat various 

ccndit^ors affecting the immune system, such as acquired 

immunodeficiency syndrome (AIDS) and systemic lupus 

erythematosus (SLE) and other autoimmune diseases such as 

myasthenia gravis, rheumatoid arthritis, and the like. 

The dosage levels are at a subimmunogenic level and are 

4 6 

thus expected to be in the range of 10 -10 fold less than 
amounts required for an immunogenic dose. The 
appropriate dosage levels for a particular subject can be 
determined by reference to a suitable animal model. For 
example, in determining dosage levels suitable for the 
treatment of human diseases such as AIDS and SLE, 
reference can be had to animal models to determine the 
relative amounts of antigen to be administered. 

Administration is by any systemic route, and is 
typically by injection, such as intramuscular, 
subcutaneous, intraperitoneal, or intravenous injection. 
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Suitable foliations for injection are understood in the 
art and include solutions or suspensions of the antigen 
in a compatible aqueous medium such as Hank's solution or 
Ringer's solution. Systemic administration can also be 
effected by transmucosal or transdermal delivery using 
appropriate penetrants and absorption mediators, such as 
bile salts, fusidates and various detergents. 
Transmucosal administration is typically effected by 
nasal sprays, suppositories, or introduction into the 
lungs. in addition, when properly formulated, the immune 
system stabilizers of the invention may be administered 
orally. For oral administration, however, the 
formulation must provide a means for transport of the 
drug to the bloodstream. 

Suitable formulations for a particular mode of 
administration are designed using techniques within 
ordinary skill of the art. Such formulations are 
cataloged, for example, in "Remington's Pharmaceutical 
Sciences," latest edition, Mack Publishing Co., Easton, 
PA. All of the formulations may contain various 
excipients which are benign and pharmaceutical^ 
acceptable, including various carriers, buffers, 
stabilizing agents, wetting agents and the like. 

The particular formulation, dosage level and 
mode of administration chosen will depend on the nature 
of the condition to which the immune stabilization is 
directed, on the general health and nature of the 
subject, tnd on the judgment of the practitioner. 
Suitable subjects include not only humans, but animals; 
the immune system stabilizers may also be appropriately 
formulated for veterinary use. 
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Ex amp las 


The following examples illustrate but do not limit the invention. 


Example 1 

Gd12Q and p24 of HTV hind fn mm-jnf* ATA *»r» Alloimmune sera were 
raised in Balb/c and C57BL/6 <B6) mice by repeated reciprocal 
immunizations using B6 and Balb/c lymphoid cells. The sera of th<? 
resulting alloimmune mice were then tested for the presence of 
antibodies immunoreact ive with gpl20 and p24 of HIV. Antibodies 
immunoreactive with bov.h of these viral components were detected 
m alloimmuqe mice but not in non-immune controls. These results 
are shown in Figures 1 and 2 for anti-gpl20 and anti-p24 
respectively. The triangles show the results for the non-immune 
conrol sera, the open squares and full squares are for B6 anti- 
Balb/c and Balb/c anti-B6 immune sera respectively, and the 
circles are for allcimmune-immnnogen-absorbed sera, namely B6 
anti-Balb/c aborbed with Balb/c (open circles) and Balb/c anti-B6 
absorbed with B6 cells (full circles) . It is apparent that 
absorbtion with the immunogen (which removes the cytotoxic 
.ncrivity cf the sera) does not remove the anti-cpl20 cr anti-p24 
ir-T.ur.c- react ivi t y . 

Example 2 

Frever.r : cr. cf Ai:tQimm!:r.iry in mrt.- ?pr/? pr Mire: mrl- Ipr/lpr is a 
mouse strain that develops a lupus-like autoimmune disease. The 
AIA-binding substances gpl20 and p24 of HIV inhibit the formation of 
autoantibodies in MRL-lpr/ipr mice. MRL- Ipr/lpr mice were immunized 
intraperitoneally with the following antigens at ages 3 weeks and A 
weeks. (PES is phosphate buffered saline). 


Group 1 
Group 2 
Group 2 
Group A 


0.2 ml PES alone 

10 ng of anti-I-A k monoclonal antibody in 0.2 ml PES 
10 ng of gpl20 of HIV in 0.2 ml PBS . 
10 ng of p24 of HIV in 0.2 ml PBS. 
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All mice were bled at 4 weeks «fr., , 

fCer Che se =ona injection, ana the 
sera were obtained as individual ..mni.. v. 

, rt . 41 samples, heat inactivated at 56°C 

tor 30 minutes. 

Figures 3. 0 and 5 show the level of various diagnostic antibodies 
in. a strain of mice that is a model for autoimmunity following injections 
of g P 120 and p24 from HIV. with the levels for similar mice injected with 
Phosphate buffered saline as a negative control. " Figure 3 shows that the 
level of anti- gP l 2 0 in these mice i s re duccd (compared with the level in 
controls, as the result of the injections; Figure 4 shows that the level of 
anti-collagen is reduced as a result of such injections, and Figure 5 shows 
that the level of an ti-DNA antibodies in these mice is reduced as a result 
of such injections. 

*xaapl« 3 

' ' * — - ""'^ i nui r^i trC 1 I/O ^ p p) p?^ pf yry pn ^ nrp , 

„ 7 " *" . 

,Zl^ T" ,<,WVUy ' n " 1» ""1 in pro,, s 

r c " r* *-"-»»• - '"-p • 
....«.„ „„„ p24 „ roup 4 abovel 4 of 4 >te s:ive ana 

. .. - «n „ 6out eo, of „«. control - mi „ „„ aeaa 

». .1 WU p- ls pool . d Mu t „ e 

I" , '"»P <»™P 1 .bov., pooled .« . i„„ t 

« o. 19 were alive ot 205 days. 
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Zxampl* 4 

TK>„n V f or ^iroimr. mr^Y ^ KRT.-lpr/lnr nirft Three month old MRL- 

lpr/lpr mice exhibit a significant amount of autoimmunity. Weekly 
injections of 10 ng of gpl20 cf HIV beginning at age >3 months have 
been found to markedly inhibit the development of lymphadenopathy in 
these mice (relative to phosphate buffered saline injected 
controls), and after eleven weeks of these injections these mice 
appear much healthier than the controls. 
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1. A pharmaceutical composition which 
comprises as an active ingredient, a sub immunog enic 
amount of an antigen which antigen Ts immunoreactive ^with 
alloimmune-immunogen-absorbed (AIA) serum as compared to 
nonimmune serum of the same species as the AIA serum, 

in admixture with an acceptable pharmaceutical 

excipient . 

2. The composition of claim 1 wherein said 
antigen, comprises an antibody or an immunoreactive 
fragment thereof. 

3. The composition of claim 1 wherein said 
antibody is an anti-IJ antibody or immunoreactive 
fragment thereof. 

4. The composition of claim 1 wherein the 
antigen comprises gp!20 from human immunodeficiency virus 
(HIV). 

5. The composition of claim 1 wherein the 
antigen comprises gp41 from HIV. 

6. The composition of claim 1 wherein the 
antigen comprises Nef from HIV. 

7. The composition of claim 1 wherein the 
antigen comprises p24 from HIV. 

8. A method to modify the immune system of a 
subject which method comprises administering to a subject 
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in need of such modification a subimmunogenic amount of 
an antigen^ vhich antigen is more immunoreactive with 
alloimmune-im^nogen-absorb«d (AIA) serum as compared to 
nonimmune serum of the same species as the AIA serum. 

9. The method of claim 6 wherein said 
modifying is to protect said subject against an 
autoimmune or immunodeficiency disease. 

10. The method of claim 8 wherein said 
modifying is to protect a r.ubject against cancer. ' 

11. The. method of claim 8 wherein said- 
modifying is to treat a subject afflicted with an 
autoimmune or immunodeficiency disease. 

12. The method of claim 8 wherein said 
modifying is to treat a subject af f licted ' with cancer. 

13. The method of claim 8 wherein the AIA 
serum is murine. 


14. The method of claim 8 wherein the AIA 
serum is human. 


15. The method of claim 8 wherein the subject 

is human. 


16. The method of claim 8 wherein the subject 
is a nonhuman vertebrate. 


17. -The method of claim 8 wherein the antigen 
is an antibody or immunoreactive fragment thereof. 
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18. The method of claim 17 wherein said 
antibody is obtained from autoimmune or AIA serum. 

19. The method of claim 17 wherein said 
antibody is an anti-IJ or immunoreactive fragment 
thereof . 

20. The rethod of claim 8 wherein the antigen 
comprises gpl20 from human immunodeficiency virus (HIV). 

21. The method of claim 8 wherein the antigen 
comprises gp4 l from HIV. 

22. The method of claim 8 wherein the antigen 
comprises Nef from HIV. 

23. The method of claim 8 wherein the antigen 
comprises p24 from HIV. 

24. A method to activate T-suppressor cells in 
a subject which method comprises administering to a 
subject in need of such mo dification a subimmunog enic 

am ount of an antigen which antigen is more immunoreactive 
with absorbed alloimmune-immunogen-absorbed (AIA) serum 
as compared to nonimmune serum of the same species as the 
AIA serum. 

25. A method to prepare a pharmaceutical 
composition for modification of the immune system of a 
subject which method comprises: 

a) testing a candidate substance for its 
ability to bind AIA serum; 
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b) testing said candidate substance for its 
ability to bind normal serum of the same species as the 
AIA serum; 

c) comparing the results of a) and b) ; 

d) mixing a candidate which shows greater 
binding in a) as compared to b) with a pharmaceutical^ 
acceptable excipient . 
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Figure 3 
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Figure 4 
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Figure 5 
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